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Field of the Invention 

The claimed invention relates generally to the field of automated assembly 
equipment and more particularly, but without limitation, to a compliance 
mechanism used for manipulating a control object, such as a disc/spacer stack 
10 relative to a spindle motor hub. 

Background of the Invention 

A compliance mechanism is an assembly device that compliantly 
manipulates an object, such as a first component with respect to a second 

15 component in an assembly process. Compliance in the manipulation of an object 
is desirable because variations in the location of various components can exist, 
even in highly precise automated processes. As a result, some compliance is 
typically provided in a positioning mechanism to prevent damage to the 
components and the positioning mechanism itself. 

20 There have been numerous compliance mechanisms described in the art 

for use with robotic applications. However, many of these mechanisms of the 
existing art have no repeatable centered position. Thus, the alignment of 
compliant and non-compliant parts when setting up a machine is very difficult. 
For other compliance mechanisms of the existing art, it is difficult to determine 

25 when to unlock the mechanism when picking or placing a part. Still other 
compliant mechanisms of the existing art use flexures or elastomers that 
undesirably require a deflection force proportional to the deflection distance. 
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While the existing compliance devices are functional, there remains a need 
for an improved compliance mechanism that overcomes these and other limitations 
of the prior art. 

5 Summary of the Invention 

In accordance with preferred embodiments, an assembly device 
(compliance mechanism) is provided to position a control object, such as a 
disc/spacer stack about a spindle motor hub in a disc drive data storage device. 
The assembly device includes a frame and a socket fixed to the frame. A robotic 

1 0 arm supports an end effector which in turn grasps and releases the control device. 
A locking arm engages the robotic arm and moves between a locked position and 
an unlocked position. 

Preferably, the locking arm uses a ball and socket arrangement to establish 
a reference position for the locking arm. The ball and socket keeps the end 

1 5 effector in a rigid, nominally centered position until the exact moment compliance 
is required. The locking arm remains locked as the robotic arm moves the end 
effector to the desired transfer position. As the end effector is moved to a desired 
placement position for the control object, the plunger engages an alignment feature 
which unlocks the locking arm, introducing a desired amount of compliance to 

20 facilitate final placement of the control obj ect. 

These and various other features as well as advantages which characterize 
the claimed invention will become apparent upon reading the following detailed 
description and upon reviewing the associated drawings. 



25 Brief Description of the Drawings 

FIG. 1 is a plan view of a disc drive suited for use with preferred 
embodiments of the present invention. 

FIG. 2 is an elevational sectional view of a disc stack assembly of the disc 
drive of FIG. 1 constructed in accordance with a preferred embodiment of the 
30 invention. 

FIG. 3 is a perspective view of an assembly device in accordance with a 
preferred embodiment of the present invention, the assembly device used to 
construct the disc stack assembly of FIG. 2. 
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FIG. 4 is cross-sectional schematic view of the assembly device of FIG. 3, 
with the assembly device shown in a locked position. 

FIG. 5 is a cross-sectional schematic view of the assembly device of FIG. 3 
in an unlocked position. 
5 FIG. 6 is a cross-sectional schematic view of an assembly device in 

accordance with another preferred embodiment of the present invention, with the 
assembly device of FIG. 6 in a locked position. 

FIG. 7 is a cross-sectional schematic view of the assembly device of FIG. 6 
in an unlocked position. 

10 

Detailed Description 

To provide an exemplary environment in which preferred embodiments of 
the present invention can be advantageously practiced, FIG. 1 provides a top plan 
view of a disc drive 1 00 of the type used to store digital computer data. A base 

15 deck 102 and a top cover 104 (shown in partial cutaway) cooperate to form a 

sealed housing for the disc drive 100. A spindle motor is provided with a rotatable 
hub 106 to support and rotate a number of magnetic recording discs 108 at a 
constant, high speed. A rotary actuator assembly 1 1 0 supports a corresponding 
number of data transducing heads 112 adjacent recording surfaces of the discs 108. 

20 The actuator assembly 1 10 is rotated through application of current to a coil 1 14 of 
a voice coil motor (VCM) 1 16. 

FIG. 2 shows a cross-sectional schematic view of a disc stack assembly 120 
of the disc drive 100. The disc stack assembly 120 is shown to include a pair of 
discs 108, a disc spacer 122 between the discs 108, the spindle motor hub 106, and 

25 a disc clamp 124 (also shown in FIG. 1). The spindle motor defines an outwardly 
opening alignment feature 126 for purposes of positive positioning during 
fabrication processes as described below. The discs 108 and spacer 122 are 
referred to herein as a disc/spacer stack 128. It will be understood that the 
configuration of the disc stack assembly 120 shown in FIG. 2 is for exemplary 

30 purposes only and is not limiting to the scope of the claimed invention. 

FIG. 3 provides a perspective view of an assembly device 200 configured 
to manipulate objects during assembly, such as the discs 108 and spacer 122 of 
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FIG. 2. FIGS. 4 and 5 provide cross-sectional schematic views of the assembly 
device 200. FIG. 4 shows the assembly device 200 in a locked position and FIG. 
5 shows the assembly device 200 in an unlocked position, as explained below. 
The assembly device (or compliance mechanism) 200 includes a robotic 
5 arm (or stacker arm) 202 on which the disc/spacer stack 128 is formed. A frame 
204 is attached to the robotic arm 202. A conical socket 206 is attached to the 
frame and a first end of a tension spring 208 is attached to a member 210 that is 
rigidly attached to the frame 204. A spring constant, or stiffness, of the spring 
208 is chosen to fit the demands of a particular application. 

1 0 A second end of the tension spring 208 is attached to a first end 212 of a 

locking arm 214 to bias a socket ball 216 in the socket 206. With the socket ball 
216 biased in the socket 206, as shown in FIGS. 3 and 4, the locking arm 214 is 
in the locked position. The socket ball 216 is displaced from the socket 206 in 
FIG. 5 to illustrate the unlocked position. For purposes herein, the socket ball 

15 216 is generally referred to as an engagement portion which establishes a 

reference position with respect to the frame (via socket 206). It will be noted 
that other configurations for the engagement portion can readily be used, such as 
a reversal of the location of the ball and socket as well as other contact surface 
shapes besides a spherical ball (such as a cone, etc.). It will further be noted that 

20 other locations for the engagement portion besides at the distal end of the locking 
arm 214 can be used, as desired. 

A medial portion of the locking arm 214 is pivotally attached to a rod 
220, which is in turn rigidly attached to the robotic arm 202. A ball contactor 
222 is positioned at a second end of the locking arm 214. The ball contactor 222 

25 pressingly engages a plunger 224. The plunger 224 assists the assembly device 
200 in centering the disc/spacer stack 128 (FIG. 2) on the spindle motor hub 106 
(FIG. 2). The plunger 224 extends through a center of an end effector 226. 

The end effector 226 is located at an end of the robotic 202 arm and 
includes a three-pronged mandrel 207 (best viewed in FIG. 3) with an outer 

30 diameter slightly smaller than an inner diameter of the discs 108 and spacers 122. 
The disc/spacer stack 128 is formed on the end effector 226 one piece at a time 
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and held in place by end effector balls 228. The end effector balls 228 are 
outwardly biased by springs (not separately shown) and thereby retractable so 
that the end effector can be passed through a disc 108 or spacer 122 by applying 
a sufficient downward force. After the end effector balls 228 pass through a disc 
5 108 or spacer 122, the springs return the end effector balls 228 to a biased 
position to retain the discs 108 and spacers 122 on the end effector 226. This 
mechanism that has outwardly biased end effector balls 228 on the end effector 
226 is referred to as a ball-and-plunger mechanism. 
yi Still referring to FIGS. 3-5, the assembly device 200 is capable of being 

if 10 positioned at any point in space within a defined range of movement. The entire 

W frame 204 is configured to be controllably raised and lowered in a z direction by 

111 

u a z axis elevator 230. In FIGS. 3-4, the z axis is vertical, the y axis is horizontal 

ffj and the x axis is normal to the plane containing the z axis and the y axis. The 

f. robotic arm 202 is attached to a y slider 232, which slides in the y direction. The 

TJ 15 y slider 232 is attached to an x slider 234 and the robotic arm 202 moves in the x 

\2 direction by the x slider 232 sliding in an x channel 236. The elevator 230 is 

=f powered by an electric or hydraulic motor (not separately shown) to raise and 

lower the end effector 226 to a desired elevation. 

When the locking arm 214 is maintained in the unlocked position so that 
20 the socket ball 216 is displaced from the socket 206, the x and y sliders 234, 232 
permit free movement of the end effector 226 along the respective x and y axes. 
This is referred to as a compliant mode. On the other hand, when the locking 
arm 214 is in the locked position so that the socket ball 216 is seated in the socket 
206, the locking arm 214 retards movement of the end effector 226 along the x 
25 and y axes. This is referred to as the noncompliant mode. 

It will be noted that as long as the ball 216 remains seated in the socket 
206, the ball and socket combination establishes a fixed, repeatable reference 
point for the end effector 226 in the x-y plane. It has been observed that a user 
can grasp the end effector 226 and physically move the end of the robotic arm 
30 around in space, provided sufficient force is applied to overcome the bias of the 
spring 208 and dislocate the ball 216 from the socket 206. However, once the 
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user releases the end effector 226, the spring reseats the ball 216 and the end 
effector 226 will return to the previous x-y reference position. 

When the assembly device 200 has properly positioned the disc/spacer 
stack 128, an unload arm moves 240 downward with respect to the frame 204 
5 and a push plate 242 engages the disc/spacer stack 128 to unload the disc/spacer 
stack 128 from the end effector 226 and to move the stack onto the spindle motor 
hub 106. The push plate 242 is rigidly attached to the unload arm 240. 

A programmable controller 250 preferably directs the assembly device 

-j* 200. In a typical application, a conveyor system (not shown) moves the disc 

-j 

=3 10 drive 100 with the spindle motor hub 106 into close proximity with the assembly 

.-. = 

fi device 200. The conveyor system operates to position the disc drive 100 close to 

where the disc drive should be to receive the disc/spacer stack 128. 

ji Nevertheless, a small positioning error on the order of a few millimeters can 

;y T typically exist in the final placement of the spindle motor hub 106. 

J 15 The transfer of the disc/spacer stack from the end effector 226 to the 

spindle motor hub 106 begins by the controller 250 lowering the z slider 230 to 

lI bring the end effector 226 into alignment with the spindle motor hub 106. As the 

end effector 226 is lowered onto the hub, a first end of the plunger 224 engages 
the alignment feature 126 (in this case, a wall of the central aperture) and a 
20 second end of the plunger 224 engages the ball contactor 222. 

This engagement unlocks the locking arm 214 by causing the socket ball 
216 at the first end of the locking arm 214 to move away from a seated position 
in the socket 206, introducing compliance in the x-y plane to facilitate fine 
alignment of the end effector 226 with the spindle motor hub 106 and proper 
25 transfer of the disc/stack assembly 128 onto the hub. More particularly, the 

conical shape of the first end of the plunger 224 will cause the plunger to follow 
the chamfered wall of the alignment feature 126 and center the end effector 226 
onto the spindle motor hub. The controller 250 then proceeds to direct the push 
plate 242 to advance the disc/stack assembly 128 onto the hub 106 (as shown in 
30 FIG. 4). 
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It is contemplated that the system tolerances will typically be such that the 
tip of the plunger 224 will fall within the radial extent of the alignment feature 
126 in the spindle motor hub 106. However, in a preferred embodiment the 
system is further configured to detect gross misalignment of the end effector 226 
5 and the spindle motor hub 106. If during such lowering the plunger 224 becomes 
misaligned with the alignment feature 126, a premature unlocking of the locking 
arm 214 will take place as the second end of the plunger 224 acts against the 
contactor ball 222 of the locking arm 214. This will result in a premature 
movement of the ball 216 out of its alignment position in the socket 206, which 

□ 

Q 10 will be sensed by a socket sensor 260 in the socket 216. Since the controller 250 

monitors the distance that the end effector 226 is lowered along the z axis, the 
controller 250 will note that such unlocking has occurred at too high an elevation. 
J] In such case the controller 250 will interrupt the transfer operation and employ 

y, any number of algorithms in a conventional manner to search and locate the 

JH 15 precise alignment point to engage the hub, or provide a system error alarm to be 

serviced by personnel. 

I It will be noted that a wall of a central aperture in FIG. 2 serves as a 

convenient alignment feature 126 or the plunger 224. However, it will be readily 
understood that other configurations of alignment features in the spindle motor 

20 can readily be used, including features that project upwardly from the spindle 
motor hub, as desired. As noted above, the use of a conically shaped end on the 
plunger 224 advantageously aids in achieving the mating engagement between the 
end effector 226 and the work object. 

Although the assembly device 200 has been described so far in relation to 

25 the placement operation of a disc/spacer stack 128 on a spindle motor hub 106, it 
is also useful in "pick" operations where the end effector 226 picks up the discs 
108 and spacers 122. Whenever the end effector 226 picks up a disc 108 or 
spacer 122, the z slider 230 moves the robotic arm 202 and end effector 226 
downwardly to pick the disc 108 or spacer 122. In inserting the end effector 226 

30 inside the disc 108 or spacer 122, the end effector 226 encounters some 

mechanical resistance to the downward motion from the end effector balls 228. 
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This upward mechanical resistance force is transmitted from the end effector 226 
and through the plunger 224 to force the ball contactor 222 upward and unlock 
the locking arm 214. Once the end effector balls 228 have passed through the 
discs 108 or spacers 122, the locking arm 214 pivots back to the locked position. 
5 FIGS. 6 and 7 illustrate an assembly device 300 (compliance mechanism) 

constructed in accordance with another preferred embodiment of the present 
invention. Generally, the assembly device 300 is constructed and operated in a 
manner similar to that of the assembly device 200 of FIGS. 3-5. One difference 
between the respective devices is the assembly device 300 uses a linear 

1 0 arrangement instead of a pivotal arrangement to move from a locked position (FIG. 
6) to an unlocked position (FIG. 7). 

The assembly device 300 includes an articulating robotic arm 302 mounted 
to a frame 304. The arm 302 supports an end effector 306 having a vacuum 
assisted configuration. The end effector 306 is shown supporting a single disc 108 

1 5 for placement onto an associated spindle motor hub 1 06 of a spindle motor. 

The end effector 306 is controllably raised and lowered along a vertical z 
axis through use of a z axis elevator 308. An x slider 310 facilitates movement of 
the end effector 306 along an x axis and a y slider 312 facilitates movement along 
a y axis. 

20 A locking arm 3 14 is configured for linear movement along the z axis via z 

slider 316. A tension spring (not shown) behind the z slider 3 1 6 biases the locking 
arm 3 14 in the position shown in FIG. 6. A ball 3 1 8 at a first end of the locking 
arm 314 is normally seated in a ball socket 320. A contactor 322 at a second, 
opposing end of the locking arm 314 engages a plunger 324 which extends through 

25 the end effector 306. 

As with the assembly device 200 of FIGS. 3-5, the assembly device 300 of 
FIGS. 6-7 uses the locking arm 314 with the ball and socket arrangement to 
substantially remove compliance along the x-y plane when the device is in the 
locked position (noncompliant mode). Engagement of the distal end of the plunger 

30 324 with the alignment feature 126 in the spindle motor (as shown in FIG. 6) 

causes the ball 318 to be displaced from the socket 320, moving the locking arm 
3 14 to the unlocked position (compliant mode) and introduces the necessary 
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compliance to facilitate alignment of the end effector 306 with the spindle motor 
hub 106. 

It will now be understood that the present invention is generally directed to 
a compliance mechanism (assembly device) for manipulating a control object 
5 (such as a disc/spacer stack 128). In accordance with preferred embodiments, an 
assembly device (such as 200, 300) includes a frame (such as 204, 304) which 
supports a robotic arm (such as 202, 302). 

A locking arm (such as 214, 314) is moveable between a locked position 
Li and an unlocked position. The locking arm has an engagement portion (such as 

10 ball 216,318) which is biased toward an alignment position (such as socket 206, 
|jj 320) relative to the frame so that the locking arm is normally in a locked position, 

jj An end effector (such as 226, 306) is attached to the robotic arm and is configured 

'"■4 to support the control object. A plunger (such as 224, 324) is coupled to the 

locking arm and configured to engage an alignment feature (such as 126) 
!!! 15 associated with a desired placement of the control object. The engagement portion 

fy maintains the end effector in a substantially noncompliant condition when the 

PI locking arm is in the locked position. Pressing engagement of the plunger against 

?= " the alignment feature causes the locking arm to move to the unlocked position to 

introduce compliance into the end effector to allow freedom of movement of the 
20 end effector relative to the control object. 

It is to be understood that even though numerous characteristics and 
advantages of various embodiments of the present invention have been set forth in 
the foregoing description, together with details of the structure and function of 
various embodiments of the invention, this detailed description is illustrative only, 
25 and changes may be made in detail, especially in matters of structure and 

arrangements of parts within the principles of the present invention to the full 
extent indicated by the broad general meaning of the terms in which the appended 
claims are expressed. For example, the particular elements may vary depending on 
the particular application of the compliance mechanism without departing from the 
30 spirit and scope of the present invention. 

In addition, although the embodiments described herein are directed to an 
assembly device for assembling a disc drive, it will be appreciated by those skilled 
in the art that the assembly device can be used for other devices without departing 



#1045826 



-10- 

from the spirit and scope of the claimed invention. 
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